Surface-modified gold nanoparticles are recognized as promising gene delivery vehicles in the treatment of cancer owing to their excellent biocompatibility with biomolecules (like DNA or RNA) and their unique optical and structural properties. In this context, this review article focuses on the diverse transfection abilities of the gene to the targeted cell on the basis of different shapes and sizes of gold nanoparticles in order to promote its effective expression for cancer treatment. In addition, recent trends in gold nanoparticle mediated gene silencing, gene delivery, detection and combinatory therapies are highlighted considering their cytotoxic effects on healthy human cells.
Introduction
Cancer, with high incidence and deregulated cell growth, has caused death all over the world. Conventionally, cancer treatment relied mainly upon tumour resection along with chemotherapy, where there is non-specic accumulation of drugs and/or radiotherapy resulting in various side effects. A large number of cancer cells have become drug resistant towards these therapies mostly due to the molecular mechanism. These drawbacks of the traditional approach towards treatment of cancer can be overcome by combining gene therapy with other related therapies such as chemotherapy, photothermal therapy, photodynamic therapy, etc. [1] [2] [3] [4] Gene delivery vectors reported in recent years, include polymerbased, lipid-based, and inorganic nanoparticle-based systems. [5] [6] [7] [8] [9] Ideal non-viral gene vectors offer numerous advantages, such as chemical stability, biocompatibility, effective targeting, stimulus responsiveness and feasibility for combined treatments. [2] [3] [4] Due to irregular signalling pathways and genetic alterations, the concept of novel molecularly targeted therapeutic strategies such as genesilencing or knockdown therapies have been introduced. 10-14 RNA interference (RNAi), one of the signicant gene therapy approaches followed by tumour resection has fascinated researchers in cancer treatment, 15 where microRNA (miRNA) and plasmid DNA (pDNAs) are frequently utilized because of their higher stability and speci-city than those of small interfering RNA (siRNA). 16, 17 Surface-modied gold nanomaterials are acknowledged as favourable gene delivery vehicles, [18] [19] [20] [21] in consequence of their small size, general non-toxicity, ease of functionalization and high surface to volume ratio, localized surface plasmon resonance (LSPR) of gold nanoparticles resulting in improved consideration from non-viral siRNA gene delivery. 11, 22, 23 Additionally, these nanoparticles can also be used for imaging of tumours by computed tomography, a leading radiologic technology in the eld of biomedical imaging. 24 In continuation of our research work in the eld of nanomaterials and cancer treatment, [25] [26] [27] [28] [29] [30] the current review focuses on advanced accomplishments of gene therapy in conjugation with gold nanoparticles that stand out as potential candidates for anti-oncological approaches. In addition, detailed mechanisms like gene silencing, gene delivery along with detection and imaging are discussed both in vitro and in vivo.
Evaluation of gold nanoparticles in gene silencing
The commendable contributions of AuNPs in gene silencing have enhanced the treatment of cancer drastically. Various recent reports have shown effectiveness utilizing this approach as shown in Table 1 . Table 1 shows the cellular recognition and entry of the nanoparticles, of different size and shape at tumor sites for knockdown. RNA interference (RNAi), one of the gene therapy approaches offered has attracted interest in cancer treatment due to its high specicity and efficiency and the relatively minor upshots. 31, 32 Over the decade, a novel strategy for detection and gene knockdown has been introduced using RNA interference. 33, 34 Telomerase which is highly expressed in many types of cancer cells whose activity inhibition using human telomerase reverse transcriptase (hTERT) has been investigated in oncology. 35 However, there are challenges that hinder the efficient delivery of hTERTsiRNA at the tissue level as well as the intracellular levels ( Fig. 1 ). [36] [37] [38] Under the inuence of LED radiation, the Chromium-doped zinc gallate nanoparticles ZnGa 2 -xO 4 : Cr x (ZGOC) nanober emission could be absorbed selectively by gold nanorods (AuNRs), which induces a mild photothermal effect that in turn triggers the liberation of the particles from ZGOC nanobers, localized drug delivery systems (LDDSs), and enhances the cellular uptake and the therapeutic effect. The new therapeutic platform, with LED-amplied gene silencing has therefore inspired another potential system to enhance gene therapy in cancer treatment. The successful RNAi lies in the effective release of siRNA from the endosomes, which can destroy the target mRNA in the cytoplasm and inhibit the expression of the target protein. 39 Post conjugation of mRNA, siRNA instigates degradation of mRNA, hence signicantly reducing protein expression by targeting the gene. 34, 40 In a study, to therapeutically target eukaryotic elongation factor 2 kinase (eEF-2K), which has been identied as an important oncogenic pathways for promoting breast cancer. Kezban et al. synthesized a highly monodisperse and stable nano-formulation using polyethylenimine-modied gold nanoparticles (AuNP-PEI) and conjugated them with eEF-2K siRNA. Hence, down regulation of triple negative breast cancer cells (TNBC) using AuNP-PEI/eEF-2K siRNA was observed in vitro. 33 To make sure the better detection and therapeutic effect, antimiR-21 strands are fully modied by 2 0 -O-methyl to increase binding affinity with tumor gene and improve stability and resistance to exonucleases to prolonged inhibition of miRNAs. 41 Recent studies have shown that Taxol, a chemotherapeutic drug initially induces apoptosis of cancer cells, but on prolonged treatment, the cancer cells become immune to this drug and to other drugs as well. 42, 43 This resistance of cancer cells towards these chemotherapeutic drugs is called multidrug resistance (MDR). 44 Various studies have reported that P-glycoprotein (Pgp) is overexpressed in MDR cell lines. 45 The reduction in the expression of P-gp could be done using hyperthermia. 46 Also, microRNA-21 (miR-21) a type of miRNA could be downregulated resulting in inhibiting tumor progression and invasion. 47, 48 miRNA, is advantageous in promoting cell invasion by regulating various genes, including programmed cell death 4 (PDCD4) gene, tissue inhibitor of metallopeptidase inhibitor 3 (TIMP3), phosphatase and tensin homolog (PTEN) gene in a variety of tumors, such as lung cancer, glioblastoma, and breast cancer. 49 AuNPs are functionalized with miRNA-21 inhibitors that are hybridized with uorophore-labeled DNA molecules named "ares", miRNA-21 inhibitors are 2 0 -O-methyl modied antisense oligonucleotide that are complementary to the mature miRNA-21 to suppress its function, resulting in cells growth inhibition and apoptotic cells death, as shown in Fig. 2 . 50 Cancer stem cell (CSC) with the mark of CD44 plays an important role in gastric cancer (GC). The transfection of rMETase carried by HA-G5 PAMAM-Au visibly inhibited the escalation and tumor sphere formation of GC cells through promoting METase activity. Elevated level of methionine (MET) promotes self-growth of cancer cells. Suppression of CD44(+) GC resulted because of downregulation of METase activity, which lead to increase of Cyc C and ROS levels. For instance, the p53 and HSV-TK suppressed the proliferation and promoted apoptosis of cancer cells. 51, 52 No effect on healthy cells was observed due to the low concentration of MET. 53 Owing to the excellent structural properties (PAMAM) is found to be suitable in conjugation with metallic nanoparticles. 54 Improvement in efficacy of gene transfecting COS-7 cells and shape maintenance of dendrimers was caused through G5-PAMAM encapsulated gold nanoparticles. 55 Additionally, hyaluronic acid (HA) was conjugated onto PAMAM for targeting CD44 + gastric cancer stem cells specically. 56 Another instance of this approach is demonstrated by the use of folic acid (FA) due to its replication control, cell proliferation, synthesis of proteins and biocompatibility. 58 Moreover, it has high affinity towards FA receptors which aremainly overexpressed in breast (MCF-7), and cervical (KB) cells. 59 Gold nanoparticle conjugated generation ve dendrimers (Au : G5D) and Au : G5D : FA NPs proved to be highly efficient in combining with pCMV-Luc DNA and transporting it. The pDNA were safeguarded from nucleases corresponding to formation of stable nanocomplexes. 60 siCOX-2/9R/DG-AuNS (hydrazone) showed best gene silencing and inhibition effect on tumor cell growth amongst siCOX-2/AuNS, siCOX-2/9R-AuNS, siCOX-2/9R/ DG-AuNS, and siCOX-2/9R/DG-AuNS (hydrazone) groups in both HepG2 and SGC7901 cells. 61 In comparison to free siRNA, Dr Shefali Shukla has been working as an Assistant Professor in Department of Chemistry, Sri Venkateswara College, University of Delhi since 2005. She did her graduation from Delhi University, postgraduation from Indian Institute of Technology Delhi and completed her PhD in the eld of organic chemistry, from University of Delhi in 2002. Her research interests include derivatization of alkaloids and anti-cancer activity studies. Also, she has worked on anti-tubercular activity studies of coumarins and synthesis and activity studies of chalcones. Currently she is focusing on the anti-cancer properties of the nanoparticles.
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S.
No. Type of gold nanoparticles (shape & size)
Type of cancer treated/targeted cells
Delivery vehicle
Targeted Functions gold nanocages conjugated siRNA (AuNC-siRNA) entered the Panc-1 cells in much larger quantity, showed lysosomal escape and effective gene silencing. In addition, it enhanced circulation lifetime, increased accumulation on tumour sites showed high safety. 62 PPE-LA coating showed better gene silencing of MCF-7 cells than AuNS (gold nanostar) coated with SH-PEG3000-NH 2 . Although, siRNA complexes coated with AuNS showed better results than siRNA alone. 63 Using Western blotting, it was analysed that miR-34a-LbL-NS signicantly decreased Bcl-2 and SIRT1 expression in MDA-MB-231 cells in comparison to control groups and also reduced metabolic activities in MDA-MB-231 cells. 64 Transglutaminase 2 (TG2) plays a vital role in metastasis of recurrent ovarian cancers, hence becomes a critical target. 65 Successful gene knockdown by AuNR based DTC-siRNA, was observed using colorimetric assay. 66 Flavoprotein enzyme assembling is done mainly by riboavin (Rf) and is overexpressed in prostate and human breast cancers. 67, 68 Abhishek Sau and team prepared thiol-modied riboavin-gold nanoparticles (RfS@AuNPs), targeting HeLa cells hence causing DNA damage and apoptosis in them. 69 Exosomes which are found in body uids, containing protein and nucleic acids, secreted by both normal and malignant cells. [70] [71] [72] The presence of these in higher content is responsible for tumour growth and evasion. 71, 73 AuNP@PEG@anti-RAB27A silence higher gene expression than that of RAB27A, also inhibiting formation of Rab27, a protein from RAB27A mRNA. 74 Xinyan Chen et al. used "ship in a bottle strategy" and encapsulated AuNRs inside the hollow cavity of HSN (hollow silica nanoparticles). SF (hydrophobic antiproliferative and antiangiogenic drug) release was observed due to the detachment of CD-PGEA when NIR radiation was applied, leading to apoptosis in both in vitro as well as in vivo. 75 
Analyzing targeted gene delivery using modified gold nanoparticles
The main goal of gene therapy is to select an acceptable carrier to specically transport the target gene to the desired target cell and promote its effective expression for treatment. The carrier of gene therapy mainly includes two categories: viral vector and non-viral vector. 56 Surface-modied Gold nanomaterials are considered as efficient gene delivery vehicles. 76, 77 However, for gene therapy in general, siRNA molecules are phagocytosed and hence need to overcome extracellular and intracellular obstacles and be released from the endosome aer being internalized by tumor cells. 78 Scientists have reported the efficiency of gold nanoparticles in analyzing targeted gene delivery and these are summarized in Table 2 . The Covalently coupled nucleic acids (such as single monodentate thiol (SX), bidentate dual thiol (SS), or mixed bidentate thiol plus amine (SN) coordination of nucleic acids) on the surface of gold nanoparticles (AuNP) have been used as an effective gene therapy agent to modify cellular protein expression. It is anticipated that the therapeutic effect depends on length of time the nucleic acid sequence resides in the endo-lysosomal pathway once the cell is transfected. It is believed that it depends on the linkage chemistry of the DNA to the AuNP surface. 79 LDDSs, which are designed to manipulate the tumor microenvironment are normally injected (or implanted), have intrinsic drawbacks in achieving effective gene therapy. Therefore, by combining LDDSs and particulate gene carriers (i.e. gold nanorods) unique opportunities might be offered allowing controlled delivery and release of a targeted therapeutic concentration and effective phagocytosis of siRNA molecules for enhanced gene therapy. Polyethyleneimine (PEI) is a well-known non-viral nucleic acid vector with high transfection efficiency both in vitro and in vivo due to the high density of positively charged amino groups distributed along the backbones of the molecular chains. 80 The positively-charged polyethyleneimine conjugated gold nanorods (Au-PEI NRs) possess the ability to electrostatically bind to negatively-charged siRNA. The protection of siRNA by PEI-Au/siRNA and PEI-Au/ siRNA@ZGOC vectors was further veried by the addition of RNaseA to mimic the human serum environment. The PEI-Au/ siRNA and PEI-Au/siRNA@ZGOC vectors were found to protect the siRNA, effectively, from the degradation effects of RNaseA. 39 The permeability barrier imposed by stratum corneum makes an extreme challenge for the topical delivery of plasmid DNA (pDNA), which is widely used in gene therapy. 81 Dendritic macromolecules are highly branch monodisperse macromolecules, presenting a sphere with cavity structure, hence are easy to combine with DNA to form nanoscale complex, which can protect DNA to achieve the purpose of transfection, so as the viral carrier, which is widely used. 82 A group of researchers performed surface modication on polyamidoamine (PAMAM) dendrimers to decrease cytotoxicity and increase transfection efficiency. 83 Hyaluronic acid (HA), with good biocompatibility and aqueous solubility, was reported to be a receptor of CD44. 84 HA can target the site with high-expression CD44 tumor for targeted drug delivery to CD44-overexpressing cancer cell. 46 A novel gene delivery vector was developed, hyaluronic acid (HA)-modied, polyethylenimine (PEI)-conjugated PEGylated gold nanocages (AuNCs), which was designated as HA/PPAuNCs. This system possessed relative high photothermal conversion efficiency upon near infrared (NIR) laser irradiation, low cytotoxicity, and high targeted delivery ability. Moreover, anti-miR-21 could be condensed by PEI onto the surface of HA/PPAuNCs and then delivered into target cells. Therefore, HA/anti-miR-21/ PPAuNCs might effectively overcome DOX resistance of HCC and provide new insights for cancer treatment. 85 
Employing gold nanoparticles for gene delivery in vitro
Various scientists have studied the role of AuNPs in vitro to improve gene delivery in a targeted manner. In this context, modication of AuNPs with cationic polymers bound effectively to negatively surface charged siRNA molecules via a layer-bylayer approach has been studied. Due to their unique combination of surface plasmon properties and nanometer-scale dimensions, effective intracellular delivery of Au nanoparticles can be achieved along with transfected siRNA in vitro. 39 Presently, using multifunctional carrier AuNP, the perforation and transfection effect of pDNAs in the melanoma cells at the subcutaneous site were investigated. 81 Polyethyleneimine (PEI) having abundant surface amine groups is found to be showing high efficacy due to its ability to compact DNA efficiently, 86, 87 however it has high levels of cytotoxicity. Hence, PEG has been used along with gold nanoparticles targeting HeLa. 88 Cyclooxygenase-2 (COX-2) is a rate-limiting enzyme overexpression of which is a sign of tumorigenesis, promotion of malignant tumor cells and is expressed in vascular endothelial and adjacent normal tissues. 89, 90 Hongyan Zhu et al. have prepared siCOX-2/AuNS, siCOX-2/9R-AuNS, siCOX-2/9R/DG-AuNS, and siCOX-2/9R/DG-AuNS (hydrazone) groups in combination with siRNA to down-regulate COX-2 expression, targeting HepG2 (hepatocellular carcinoma cells) and SGC7901 cells. 61 Plk1 gene is overexpressed in many tumor tissues for e.g., A375 cells, inhibition of which is a good strategy for tumor therapy. 91, 92 Peng Wang et al. prepared LGCP (polyethylene glycol-lipid/AuNS/Cas9 protein/sgPlk1 plasmid) to suppress Plk1 gene. 87 The folate receptor (FR) is overexpressed in abundant of cancers such as: human ovarian, brain, cervical, epithelial, and breast cancer amongst others. 94 Jude Akinyelu and Moganavelli Singh prepared folic acid (FA) and chitosan (CS) functionalization with Au-PLGA NPs for downregulation of FR. 95 Heregulin-2 (HER2) is overexpressed in human ovarian cancer cell line and are known to be resistant to chemotherapy and aggressive. 96, 97 Rajesh Kotcherlakota and team prepared TDDS (Au-TR-DX-si) to target the same. 98 Pancreatic cancer being one of the dangerous cancers, its prominent cause being perineural invasion has its adverse effects such as increased neurite densities. 99, 100 Targeting NGF gene is the most important to tackle pancreatic cancer. 62 Hence, Yifeng Lei et al.
synthesized AuNC-siRNA 62 because siRNA has the ability to cause sequence-specic gene silencing. 101, 102 Carla Sardo and team used a different shape of gold nanoparticle, i.e., gold nanostar and conjugated it with SH-PEG3000-NH2 and PPE-LA targeting MCF-7/Luc cells. 63 As depicted in Table 2 , AHP has shown better transfection efficiency than sm-AHP in HEK293 and HepG2 cells, which was visualized using enhanced green uorescent protein (EGFP). This could be due to the shape and size of gold nanorods, and also rough surface of AHP. 75 miRNA regulates gene expression to control cell metabolic activity. 103 In an experiment conducted by R. Goyal et al., LbL-NS was developed to deliver miR-34a into triple-negative breast cancer cells. 64 Poly-L-lysine (PLL) shows good endosomal escape, 104 since loss of expression of miR-34a takes place in TNBC. 105, 106 Therefore, naked miRNA cannot passively target due to its large size and negative charge. 107 In a study carried out by Jianxin Wang et al., DTC-anchored siRNA duplex loaded onto AuNRs was used, which targeted ovarian cancer cell line (SKOV-3). DTC (dithiocarbamates) are resistant to nonspecic desorption reducing off target effects. 66 Nucleic acid is a great tool for detection as well as treatment purposes. 108, 109 MicroRNA (miRNA) plays vital roles in cell proliferation, differentiation, 110, 111 and tumors, 112, 113 and one of it's example is Lethal-7 (Let-7). 114 One of its members is Let-7a which can suppress the tumor cell growth and metastasis. 115, 116 Although DNA and RNA are similar compounds, a major difference is in their structure. DNA contains only one hydroxyl group, while RNA contains two hydroxyl groups. So, PBA shows low binding effect for compounds containing one hydroxyl group. 117 Isocitrate dehydrogenase 1 (IDH1) which is highly expressed in Glioblastoma multiforme (GBM) is disruptive form found in brain tumors and can be targeted using siRNA. 118, 119 Jun Yue et al., modied the siRNA with AuNPs (stars and spheres) to target the Isocitrate dehydrogenase 1 (IDH1) expression. 120 The N/P ratio of 2.5 reveals the best transfection efficiency which was observed using ow cytometry and confocal microscopy. It could be due to the compaction ability and strong interaction of vectors with pDNA. 142 Baoji Du et al., have used GDD (gold nanoparticles/ dimethyldioctadecylammonium bromide (DODAB)/ dioleoylphosphatidylethanolamin) and GF (gold nanoparticles/DODAB/DOPE/DOPE-folic acid) with different ratios of DOPE-FA targeting MCF-7 and A549 cells both in vitro and in vivo which is portrayed in the above gure 121 
In vivo delivery of genes via gold nanoparticles
The emerging need to explore recent nanoparticles capable of altering the collective state is worthy of attention; 122 that is, how such vehicles can be modied for the development of in vivo obstacles that AuNPs face. 123 Previously, the interaction of small AuNPs with DNA was studied at low [NaCl] , concluding that the reversible groove binding interaction was governed by solvation and viscosity factors. 124 Recently, in the study of the structural characterization of the gold colloid-DNA interaction, it was shown that AuNPs was able to interact with DNA via groove binding or intercalation, depending on the ethanol content and the R ratio. 125 According to Elia et al. previous structural approach, 125 their study has demonstrated that ethanol modies AuNPs/DNA interaction from intercalation to groove binding by two simple mechanisms: gold nanoparticle aggregation and change in DNA conformation from B to C-form. 126 Particulate systems can be associated with the circulation of excessively high concentrations of drugs in vivo. (LDDSs) offer the potential to target the drug more effectively. 127 In their work, Xiang et al. reported a new type of localized gene delivery system with LED-responsive properties based on the combination of the LDDSs and nanoparticle gene vectors. In their system, hTERT siRNA was graed on to AuNRs and these were attached to the surface of electrospun ZGOC nanobers as depicted in Fig. 3 . Au nanorods with an absorption peak of 700 nm matching the emission of ZGOC nanobers were prepared using a seed growth method. Gold nanorods modied with a cationic polymer (PEI) were electrostatically bound with negatively charged siRNA. 39 To facilitate the skin penetration of pDNA deeply into the melanoma tissues, Jiang et al. presented a cell penetrating peptide and cationic polymer (PEI) conjugated gold nanoparticle (AuNP) that can compact the pDNAs into cationic nanocomplexes and penetrate through the intact stratum corneum without any additional enhancement used. Moreover, the AuNP is highly efficient in stimulating the intracellular uptake and nuclear targeting of the pDNAs in cells, which guarantees the effective transfection. It was shown that not only miR-222 but also miRNA-221 reduces viability and induce apoptosis mediated by the KIT, AKT and BCL2 signaling cascade. 128 miRNA-221 has been proposed as a potential tumor suppressor for melanoma therapy. Moreover, topical delivery miRNA-221 inhibitor gene can avoid or decrease reticulo endothelial system (RES) uptake, reduce systemic toxicity, and provide targeted gene delivery to the tumor site located at the skin subcutaneous layer. However, stratum corneum always poses a formidable challenge to biomacromolecules penetration. To circumvent these problems that confront the current methods, herein, for the rst time, they presented a novel strategy for the cutaneous melanoma therapy by topical delivery a pDNA encoded with miRNA-221 inhibitor gene through HIV-1 twinarginine translocation peptide (TAT) conjugated cationic gold nanoparticles. 33 
Combinatory therapies in cancer treatment using modified gold nanoparticles
In general, ideal non-viral gene vectors offer characteristics, such as chemical stability, biocompatibility, effective targeting, stimulus responsiveness and feasibility for combined treatments (i.e. chemotherapy, photothermal therapy, photodynamic therapy, etc.). 38, 78, 144 Gene delivery vectors reported in the recent years, include polymer-based, lipid-based, and inorganic nanoparticle-based systems. 129, 130 Surface-modied Au nanomaterials are recognized as promising gene delivery vehicles. 76, 77 The anti-cancer effects of the PEI-Au/siRNA and PEI-Au/ siRNA@ZGOC samples were assessed via in vitro cell culture for 48 h and 72 h, using exposure to LED light. LED radiation did not appear to induce any clear effect on the PEI-Au/siRNA group but, in contrast the PEI-Au/siRNA@ZGOC group showed a signicant decrease in cell viability under LED irradiation. 81 pAuNPs revealed to have high photothermal effect and loading capacity by Au-thiol linkage. Hence, FAM-Dz/TAT-pAuNPs was prepared to target hepatitis C virus (HCV) human hepatocarcinoma cells using hyperthermic treatment via photothermal therapy. The loading was successful which proved to be biocompatible and resulted in low cytotoxicity. 131 Combinatorial approach using gene therapy and chemotherapeutic drugs has been successfully done in combination with AuNPs which successfully lead to tumor suppression and ErbB2 gene silencing. 98 
Role of modified gold nanoparticles in detection and imaging of tumors
One of the major aspects in treating cancer is accurate detection and imaging of oncogenic cells which enables various therapeutic techniques to eliminate them effectively, many of which are discussed in Table 3 . Various gold nanoparticles of different shapes like, gold nanospheres and sizes have been depicted, which illustrate the cellular uptake by cell lines. Cellular uptake is usually observed using confocal microscopy, ow cytometry, Western blot analysis, TEM. Deep tissue imaging with a long period has been achieved in vivo using repeated excitation with low-energy LEDs. [132] [133] [134] Several cellular uptake detections can be done using the confocal laser scanning microscopy (CLSM) as mentioned in few examples. A comparison between the cellular uptake of PEI and PEG-Au PENPs has been done using the confocal laser scanning microscopy (CLSM), proving that L25/ pDNA polyplex has almost the same cellular uptake as that of PEI/pDNA polyplex. 88 Also, siRNA/9R/DG-AuNS (hydrazone)treated cells showed greater uorescence intensity amongst AuNS, 9R-AuNS, 9R/DG-AuNS and 9R/DG-AuNS (hydrazone). 61 LGCP was successfully detected using confocal microscopy indicating the successful endosomal escape of the LGCP as the separation of the green/red uorescence from the blue uorescence took place. 93 Transfection analysis of FA-CS-PLGA NPs, CS-PLGA NPs, Au-CS-PLGA NPs and FA-Au-CSPLGA NPs only to be proven that Au functionalized has high cellular uptake than others because it has high atomic number hence easily identi-ed using TEM. 135 Also it has high zeta potential indicating its stability and increased adsorption of FA and chitosan onto the PLGA. 60 Direct sequencing method which is used for traditional detection of gene mutations has various setbacks such as complexity, time-consuming, and expensive. 136, 137 So in an experiment done by Xihong Zhao and Chii-Wann Lin., they used colorimetric assays to detect various PNA/DNA complex in AuNPs solution. When PNA is added, colour of the AuNP solution changes from brick-red wine colour to dark purple, on addition of PNA-DNAcomp complex it retains its colour back to brick-red wine colour, and on adding PNA-DNAnc mixture it shows purple colour. 138 Furthermore, Rajesh Kotcherlakota et al., used confocal microscopy to detect the effect of TDDS on SKOV-3 (HER2+) and MDA-MB-231 (HER2-) cells. 98 Endosomal escape was also observed using TEM. 98 Siyu Qian et al., reported an experiment in which they used PBA-AuNPs for detection of miRNA using SPR sensing system as illustrated in Fig. 4 . 139 RNA induces low response in SPR detection as it has lower mass, hence AuNPs are used to produce effective results for detection as it has high mass. 140, 141 Western Blot and Nano Tracking Analysis (NTA) were the techniques used for AuNP@PEG@anti-RAB27A to evaluate the exosomes release. Consequence of it was the reduction of exosomes secretion and also exported the nanoparticles to recipient cells, hence decrease of the exosome release. 74 Confocal microscopy and ow cytometry (FCM) were used to evaluate the gene transfection abilities of GDD and GFs. 119 Results showed that GF2.5 showed higher gene transfection efficiency for MCF-7 cells due to enhanced cellular uptake efficiency mediated by the FA targeting ability, but did not so in A549 (FA-receptornegative cells) ( Fig. 5 and 6 ). 119 Confocal microscopy and ow cytometry were used to assess the cellular uptake of both Au DENPs-mPEG and Au DENPs-PEG-FA, implying that FA modication and enhanced the cellular uptake. 142 EGFP (Enhanced green uorescent protein) was performed to visualize the gene transfection of AHP in HepG2 cells, hence demonstrating it to have highest transfection amongst CD-PGEA and PEI. 75 Also, ow cytometry assay was used to further evaluate the cellular uptake and revealed AHP to have the highest trends. 75 
Cytotoxic assays of gene delivery vectors on healthy cells
The detection of cytotoxic effects of gene vectors and nanoparticles for both tumor and normal cells is critical for their translation to clinics. This indicates biocompatibility of gene delivery vehicles and nanoparticles for gene delivery. Haematological and biochemical parameters are main indicators to assess the cytoxic effects of nanoparticles. Various methods for detection of cytotoxicity levels are MTT assay, cell counting kit-8
(CCK-8), cell viability test, and many more. Moreover, the HA-G5 PAMAM-Au-METase could markedly inhibit the tumor sphere formation rather than HA-G5 PAMAM-METase. 56 The cytotoxicity assay in an experiment conducted by Aijun Li and team was carried out using Cell Counting Kit-8 (CCK-8) assay, proving that polyethylenimine (PEI) alone is more cytotoxic than PEG-Au PENPs at different concentrations. Cytotoxic levels were found to be in the order PEI > L25 > L50 > L100 > L200. 88 Another method used is detection using MTT reduction assay showing that all FA-CS-PLGA NPs, CS-PLGA NPs, Au-CS-PLGA NPs and FA-Au-CSPLGA NPs are non-toxic. 95 MTT assay tested the cytotoxicity of Au : G5D : DNA, Au : G5D : FA : DNA, G5D : DNA and G5D : FA : DNA and found Au : G5D : DNA, Au : G5D : FA : DNA to be less toxic than G5D : DNA and G5D : FA : DNA. 60 MTT assay was used to evaluate the cytotoxicity of GDD and GFn, GF2.5 demonstrated to be least cytotoxic. 119 CCK-8 assay was used to evaluate the cell viability of non-viral vectors indicating the reduction of cytotoxicity using both Au DENPs-mPEG and Au DENPs-PEG-FA. 142 Using MTT assay it was evaluated that cell viabilities of HEK293 and HepG2 cell lines was above z60%, suggesting the compromised cytotoxicity of AHP. 75 Many combinatory aspects of employing AuNPs are depicted in Table  4 .
Conclusion
Gene therapy is a tool for treatment of cancer and genetic diseases. In this review, recent research work done in the eld of cancer treatment using gene therapy, via surface modied gold nanoparticles has been discussed. There are numerous more therapies like radiotherapy, chemotherapy, immunotherapy, targeted therapy, and hormone therapy. For future prospects, these therapies in combination with gene therapy have better and safer treatments against cancer. Combinatory therapies along with gene therapy using AuNPs as delivery vehicles can be used effectively for the treatment of cancer since most cancers are recurring or have become immune to single therapies used. Also, therapies like chemotherapy and radiotherapy have various side effects which in synergy with gene therapy could reduce their cytotoxicity. Viral and non-viral vectors are commonly used for transfection of therapeutic genes to tumor.
Since, viral vectors have less loading capacity, limited mass production, are cytotoxic and show strong unwanted immune activity. Hence, non-viral vectors have wider scope in the future. Their advantages include low cytotoxicity, good binding ability to nucleic acids, nucleic acids release controlling ability, strong binding efficiency to nucleic acids and high cellular uptake. Transfections of nucleic acids and various biomolecules in conjugation with gold nanoparticles to tumor sites have proven to inhibit tumor growth. This suggests the translational approaches toward cancer gene therapy via gold nanostructures. Higher cellular uptake, biocompatibility, low cytotoxicity and detection are some of the parameters required for biomolecules as well as gold nanoparticles for translation to clinics. Currently, some of the liposome based nanoparticles are in clinical trials for gene silencing.
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